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Abstract: Essential oils and solvent extracts of Cymbopogon jwarancusa subsp. olivieri (Boiss.)
Soenarko plants harvested during two different seasons were investigated in terms of chemical composition
and biological activities. Piperitone was the major constituent of essential oil extracted from plants harvested in
spring and winter (49.1 and 54.1 %, respectively). The highest total phenolic and flavonoid contents were
measured in ethanol extract obtained from spring plants (31.72±0.08 mg gallic acid equivalents/g and 40.93±1.12
mg quercetin equivalents/g, respectively), and in acetone extract from plants collected in winter (31.24±0.17 mg
GAE/g and 38.32±0.74 mg QE/g, respectively). Amongst the various extracts and essential oils, the highest
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging capacity was recorded in ethanol extract (IC50 =
40.51±3.89 ppm) from plants collected in spring, in comparison with butylated hydroxytoluene (IC50 = 5.85±1.84
ppm) and ascorbic acid (IC50 = 1.28±0.06 ppm) as controls. Antibacterial and antifungal activities of all samples
were tested by disc-diffusion, MIC (minimum inhibitory concentration), MBC (minimum bactericidal
concentration) and MFC (minimum fungicidal concentration) tests. Diethyl ether extract from winter plants
exhibited the highest inhibitory activity against Streptococcus pneumoniae (inhibition zone diameter, IZD =
19.28±1.51 mm), compared with gentamicin and penicillin (IZD = 19.87±0.37 and IZD = 13.61±1.84, respectively).
Overall, the results showed that the essential oil of C. jwarancusa subsp. olivieri could be considered as a
source of piperitone, whereas the diethyl ether extract of the plant could be developed as a promising antibacterial
agent in food and pharmaceutical industries.
Key words: Poaceae, piperitone, polyphenols, antiradical, antibacterial, antifungal.
Introduction
The genus Cymbopogon (Poaceae family) is
widely distributed in tropical and subtropical re-
gions of Africa, Asia and America. Comprising
144 species, this genus is known for its high con-
tent of essential oils (EOs) that have been used
for cosmetics, pharmaceuticals and perfumery
applications 1. This genus includes two perennial
species of the Iranian flora, Cymbopogon
jwarancusa subsp. olivieri (Boiss.) Soenarko
[syn. Cymbopogon olivieri (Boiss.) Bor] and
Cymbopogon parkeri Stapf., which are distrib-
uted in tropical regions of Iran including southern
parts of Fars, Kerman, Hormozgan, Khuzestan,
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Bushehr and Baluchestan provinces 2,3. C.
jwarancusa subsp. olivieri (CJO) is known as
‘Kah Makki’, ‘Potar’, ‘Nagerd’ and ‘Nadagh’ in
different areas where this plant is gathered 4.
Extraction of C. jwarancusa subsp. olivieri es-
sential oil (CJO-EO) has been previously reported
and piperitone, a monoterpene ketone, was the
major EO constituent 5-10. However, to the best
of our knowledge, no information is available on
CJO solvent extracts. Therefore, in this prelimi-
nary study, we investigated, for the first time, to-
tal phenolic and flavonoid contents, antimicrobial
and antiradical activities of solvent extracts ob-
tained from CJO plants harvested in spring (April)
and winter (January). Biological activities of sol-
vent extracts were compared with those deter-
mined in EOs extracted from CJO plants har-
vested in the same location and during the same
seasons.
Materials and methods
Plant material
Aerial parts (500 g) of CJO were individually
harvested at two phases: spring (April) and win-
ter (January) 2016 from Bamposht, Baluchestan,
Iran, at an altitude of 1310 m (GPS coordinates:
27.39333, 63.07666). The herbarium number No.
481S was assigned after species identification by
Dr. J. Valizadeh and a voucher specimen was
deposited at Department of Biology, University
of Sistan and Baluchestan, Zahedan, Iran. The
plant materials were dried in shade and grinded.
Chemicals and spectrophotometric measure-
ments
1,1-Diphenyl-2-picrylhydrazyl (DPPH), buty-
lated hydroxytoluene (BHT), other chemicals and
solvents of analytical grade were purchased from
Merck company. The standard microorganisms
were obtained from the Persian Type Culture
Collection (PTCC), Tehran, Iran. Spectrophoto-
metric measurements were carried out by UV-
VIS spectrophotometer (UNICO UV-2100).
Extraction of essential oils
Powdered dried aerial parts of CJO (100 g)
were subjected to hydrodistillation for 3 h, using a
Clevenger-type apparatus 11. Hydrodistillation was
carried out in triplicate. EOs were dried over an-
hydrous sodium sulphate and yellowish oils stored
(4 oC) until analyses.
GC-MS analysis
GC-MS analysis was carried out on Agilent
Technologies-6890 Network equipment using a
HP-5-MS Agilent 19091S-433 fused silica capil-
lary column (60 m × 0.25 mm id. film thickness
0.25 μm) coupled to an Electron Impact (EI) de-
vice using ionization voltage 70 eV. In GC, the ion
source was EI and analyser was quadrupole with
temperature 150°C. Helium (99.999 %) was the
carrier gas, with a flow rate of 1 ml/min. Injector
and MS transfer line temperatures were set at
250°C. Injection temperature: 250°C. Injection vol-
ume: 1.0 μL. Inlet pressure: 35.3 kPa. The ther-
mal program used was 40-210°C (8.5 min) at a
rate of 3°C/min and, finally, raised to 250°C at a
rate of 20°C/min. Detector was MS (5973 Net-
work Mass Selective Detector) with 230°C.
The identity of the essential oil components was
assigned by comparing their mass spectra with
those contained in the NIST08 library (USA) and
peak retention indices (RI) relative to n-alkanes.
Preparation of solvent extracts
Dried powders (20 g) from plants harvested in
spring and winter were separately extracted with
100 mL of different solvents (acetonitrile, ethyl
acetate, n-hexane, ethanol, acetone, diethyl ether)
by maceration method. Extracts were filtered
through filter paper Watman No. 1 under reduced
pressure at 40°C and solvents were eliminated to
obtain a dry extract. Extracts were stored at 4oC
until use.
Biological activities
Antiradical power
DPPH (2,2-diphenyl-1-picrylhydrazyl) radical
scavenging capacity of the extracts and EOs was
measured by bleaching of DPPH purple metha-
nol solution 12. Antiradical activity was calculated
using the following equation:
Where, A0 is the absorbance of the control and
A1 is the absorbance of the standard sample.
Radical scavenging activity of the samples was
expressed as IC50 (concentration of the com-
I % = [(A0 – A1 / A0) × 100]
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pounds that caused 50 % inhibition).
Antibacterial and antifungal activities
Antibacterial and antifungal activities of the ex-
tracts and EOs were tested in vitro using agar-
based disk diffusion assay standardized by the
Clinical and Laboratory Standards Institute CLSI
13 with some modifications. Antibacterial activity
was assessed against seven Gram-positive bac-
terial strains: Streptococcus pyogenes (PTCC
1447), Streptococcus equinus (PTCC 1445),
Streptococcus pneumoniae (PTCC 1240), Sta-
phylococcus aureus (PTCC 1189), Bacillus
cereus (PTCC 1665), Bacillus subtilis subsp.
spizizenii (PTCC 1023), Bacillus thuringiensis
subsp. kurstaki (PTCC 1494); and three Gram-
negative bacterial strains: Klebsiella pneumoniae
(PTCC 1290), Salmonella typhi (PTCC 1609),
Enterococcus faecalis (PTCC 1778).
Antifungal activity was evaluated against three
fungal species: Aspergillus fumigatus (PTCC
5009), Candida albicans (PTCC 5027) and
Fusarium oxysporum (PTCC 5115). Activities
were compared by measuring inhibition zone di-
ameter (IZD), minimum inhibitory concentration
(MIC), minimum bactericidal concentration
(MBC) and minimum fungicidal concentration
(MFC); penicillin and gentamicin (as antibacte-
rial drugs) as well as ketoconazole and nystatin
(as standard antifungal drugs) were used as con-
trols.
Determination of total phenolic content
Total phenolic content of the extracts was de-
termined by the Folin-Ciocalteu method 14. Briefly,
200 μL of crude extracts (1 mg/mL) were diluted
up to 3 mL with distilled water, mixed thoroughly
with 0.5 mL of Folin-Ciocalteu reagent for 3 min,
followed by the addition of 2 mL of 20 % (w/v)
sodium carbonate. Mixture was stored in the dark
for 60 min and absorbance was measured at 650
nm. Total phenolic content was calculated from
the calibration curve and the results were ex-
pressed as mg of gallic acid equivalent (GAE)
per gram of dry weight of each sample.
Determination of total flavonoid content
Total flavonoid content of the extracts was deter-
mined 15. Briefly, 0.25 mL of the extract (0.625-5
mg/mL) or quercetin standard solution (15-250 mg/
mL) were mixed with 1.25 mL of distilled water
in a test tube, followed by addition of 75 mL of a
5 % (w/v) sodium nitrite solution. After 6 min,
150 mL of a 10 % (w/v) aluminium chloride solu-
tion was added, and mixture was allowed to stand
for further 5 min before 0.5 mL of 1M NaOH
were added. The mixture was diluted up to 2.5
mL with distilled water and mixed thoroughly. The
absorbance was measured immediately at 510 nm.
The results were expressed as quercetin equiva-
lents (QE) in mg per gram of dry weight.
Statistical analysis
All experiments were carried out in triplicate
and results are presented as mean ± standard de-
viation (SD). Means were compared by multivari-
ate analysis of variance and Least Significant Dif-
ference (LSD) test. P value < 0.05 was consid-
ered statistically significant.
Results and discussion
Essential oil composition and solvent extract
yield
Average yields of EOs extracted from plants
harvested in spring and winter were 2.23 % (w/
w) and 1.38 % (w/w), respectively. GC-MS analy-
sis of EO obtained from CJO plants harvested in
spring (EOS) revealed fifty-eight compounds,
representing 99.5 % of constituents. Fifty-nine
compounds (96.8 % of components) were identi-
fied in EO from CJO plants harvested in winter
(EOW). Piperitone (49.1 %), δ-3-carene (9.8 %)
and elemol (6 %) were identified as the major
components of EOS, while piperitone (54.1 %),
elemol (5.8 %) and cis-p-2-menthen-1-ol (5.2 %)
were found as the main compounds of EOW
(Table 1a). Oxygenated monoterpenes repre-
sented the predominant chemical class of EOS
(49.38 % oil composition) and EOW (66.87 % oil
composition) (Table 1b). In previous studies, the
major components of CJO-EO were piperitone
(44.1 %) and α-terpinene (13.7 %) 5, piperitone
(72.8 %) and 4-carene (11.8 %) 7, piperitone (48.9
%) and α-terpinene (13.8 %) 9, piperitone (44.90
%) and δ-carene (22.46 %) 6, piperitone (67.79
%) and elemol (12.27 %) 10, piperitone (67.71 %)
8, piperitone (53.3 %), α-terpinene (13.6%)16 and
agarospirol (9.5 %) 17. The yields of the solvent
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extracts are reported in Table 2.
Antiradical capacity
EOS exhibited a higher DPPH radical scaveng-
ing capacity (IC50 = 170.17±2.04 ppm) than EOW
(IC50 = 240.37±4.43 ppm), both lower than con-
trols BHT (IC50 = 5.85±1.84 ppm) and ascorbic
acid (IC50 = 1.28±0.06 ppm). Among solvent ex-
tracts, ethanol extract from plants harvested in
spring (IC50 = 40.51±3.89 ppm) and acetone ex-
tract from plants harvested in winter (IC50 =
51.63±4.17 ppm) showed the highest DPPH radi-
cal scavenging power (Figure 1).
Antimicrobial and antifungal activities
EOS showed higher antibacterial and antifun-
gal activities than EOW against Streptococcus
pyogenes, Salmonella typhi and Aspergillus
fumigatus (Tables 3,4). Ethanol extract from
plants harvested in spring showed the highest
inhibitory activity against Streptococcus equinus
(inhibition zone diameter, IZD = 13.24±1.10 mm),
whereas diethyl ether extract from plants har-
vested in winter was the most effective against
Table 1b. Chemical classification of compounds identified in EOS and EOW
Chemical classes No. of compounds % in EOS % in EOW
Monoterpene hydrocarbons 2-16,21-23,26,35 23.36 12.10
Oxygenated monoterpenes 1,17-20,24,25,27-34 49.38 66.87
Sesquiterpene hydrocarbons 36-38,40-48,50-58,60-62,65-67,70-72,75, 15.09 7.24
76,78,80-82,88-90,92,94,97
Oxygenated sesquiterpenes 49,59,63,64,68,69,73,74,77,79,83-87,91,93 11.70 10.45
Aldehydes/ketones 95 - 0.03
Aliphatic hydrocarbons 96 - 0.10
Other 39 - 0.05
Total 99.50 96.80
Figure 1. DPPH radical scavenging capacity of essential oils and solvent extracts obtained from
C. jwarancusa subsp. olivieri (Boiss.) Soenarko plants harvested in spring and winter
Table 2. Yields (% w/w) of various solvent extracts obtained from Cymbopogon
jwarancusa subsp. olivieri (Boiss.) Soenarko plants harvested in spring
and winter (extractions were carried out independently)
Extracts Acetonitrile Ethyl n-Hexane Ethanol Acetone Diethyl
period acetate ether
Spring 1.75 2.49 2.40 2.90 3.57 3.87
Winter 2.96 4.05 0.82 4.83 2.92 1.89
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Streptococcus pneumoniae (IZD = 19.28±1.51
mm) (Table 5). The highest antifungal activity was
recorded with acetone extract from plants har-
vested in spring (IZD = 16.43±0.1 mm) against
Aspergillus fumigatus, compared to ketoconazole
(IZD = 14.63±0.71 mm) and nystatin (IZD =
20.52±0.15 mm) as controls (Table 6).
Among various extracts, ethanol extract from
plants harvested in spring exhibited the highest
levels of total phenolic (31.72±0.08 mg gallic acid
equivalents/g extract) and total flavonoid
(40.93±1.12 mg quercetin equivalents/g of extract)
contents (Table 7).
Quantitative and qualitative analyses of EOS
and EOW demonstrated the effects of growth
stage on EO composition and, noteworthy, re-
ported differences affected biological activities
of EOs as well. Indeed, plants collected in spring
showed higher antimicrobial and antiradical ac-
tivities compared with the plants harvested in
winter. In addition, yield of EOS was higher than
the EOW one, though the amount of piperitone
was higher in EOW than in EOS. Probably,
higher levels of piperitone in CJO plants during
winter could provide protection against adverse
climatic and environmental conditions. Since
piperitone is used as main raw material to pro-
duce synthetic menthol, thymol and other appli-
cations, CJO-EO could be developed as rich
source of piperitone in pharmaceutical, cosmetic
and food industries.
In this preliminary study, different solvent ex-
tracts of CJO obtained from plants harvested dur-
ing spring and winter were also investigated for
the first time, to the best of our knowledge. Over-
all, spring extracts were more bioactive and richer
in phytochemicals than the winter ones, except
for winter diethyl ether extract that showed higher
phenolic and flavonoid levels and inhibitory acti-
vity against Streptococcus pneumoniae than the
corresponding spring extract. Probably, spring
coincide with CJO balsamic period, the stage in
which plant tissues are richer in bioactive phyto-
chemicals. Furthermore, the most polar extracts
of CJO plants, i.e. ethanol and acetone extracts,
exhibited the highest total phenolic and flavonoid
contents, as well as antiradical capacity, as ex-
pected.
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Table 7. Total phenolic and flavonoid contents in extracts obtained from C. jwarancusa
subsp. olivieri (Boiss.) Soenarko plants harvested in spring and winter
TPCa (mg GAEb/g of extract) TFCc (mg QEd/g of extract)
Plant extracts SEe WEf SE WE
Acetonitrile 23.79±0.87 19.44±0.91 27.78±1.06 22.47±0.89
Ethyl acetate 26.48±0.64 25.4±0.49 30.47±0.67 29.87±0.40
n-Hexane 4.36±0.05 3.95±0.01 4.17±0.07 3.64±0.05
Ethanol 31.72±0.80 29.99±0.76 40.93±1.12 36.3±0.90
Acetone 31.36±0.36 31.24±0.17 38.92±0.09 38.32±0.74
Diethyl ether 20.04±0.02 22.85±0.07 26.21±0.24 28.98±0.10
a Total phenolic content; b Gallic acid equivalents
c Total flavonoid content; d Quercetin equivalents
e Extract obtained from plants harvested in spring;
f Extract obtained from plants harvested in winter
Average ± standard deviation of three replicates
Conclusions
Our results support the ethnopharmacological
uses of C. jwarancusa subsp. olivieri in tradi-
tional healing systems and provide useful data for
utilization of extracts in pharmaceutical, cosmetic
and food industries. However, more investigations
are needed to characterize phenolic and flavonoid
fractions and assess MIC and MFC of the ex-
tracts showing a promising antifungal activity
against A. fumigatus and C. albicans.
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